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ABSTRACT <y

Both mesons and baryons are constructed from a get of
three fundamental particles called aces. The aces break up
into an isospin doublet and singlet. Each ace carries baryon
number 1/3 and is fractionally charged. SU3 (but not the
Eightfold Way) is adopted as a higher synmetry for the strong
interactions. The breaking of this symmetry is assumed to be
universal, being due <to mass differences among the aces.
Extensive space-time and group theoretic structure is then
predicted for both mesons and baryons, in agreement with exise
ting experimental information. Quantitative speculations are
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definitively classified into representations of SU3. A weak
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to predict rates for Ia,sl =1 baryon leptonic decays. An

experimental search for the aces is suggested.
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I.

IUTRCDUCTICY
Gkl d il

--

We wish tc ceneider a hiegher symmetry scheie for the strongly
interacting particzles bzszed on the group SU,, The way in which this
s
t

rcken will also concern us, Iletivaticn, cther than

-~
-

assthetic, ccmes from 2n attempt <o understand certain regulari

described belew, in the ccuplings and spectra of particles and rescnalis.

Since we deal with the same underlying grcup as that of ths
fold Vay 1)’2), particle classification will be similar in *he =wce
models, However, we will find restrictions on the representations
may be used to classify particles, restrictions that zre nct containzd
in the Eightfcld Way. The (¥4,A,T, =) and the pseudoscalar mescns
will fall into cctets: the vector mesons will be grouped into an octex
and singlet, where the two representations will mix by a predictabls
amount when uritary symmetry is broken; while the (L;S(1238),§:8(1385),
28(1530)’Q6(1686)) will form a decuplet in the usual manner. The
choice of 1, 8, and 10-~dimensional representaticns for barycns, along
with 1 and 8-dimensicnal representetions for mesons will be a natural

consequence of the model.

A simple mechanism for the breaking of unitary symmetry will be
presented. Mass formulae cecnnecting members of the same rerresentaticn or
members of different representetions will follew. The mescn and baryoxn

mass spectra will be related to each other.

The Eightfold Way does not allow a unique determination of the

baryon-baryon-meson interaction. Two types of coupling, known as F

and D | , are possible., The model we shall consider will suggest
what ratio of F to D coupling is to be taken. We will alsc see that
relations between coupling constants that govern the interactions of
different representations may exist. For example, for the octet and
singlet of vector mescns (f>,K*,L»%) and w, Wwe will find a ratural
connection between the amplitudes for () 8 —'_P + 7T and W -'? + 17

which will suppress the reaction qJ - ? + 77 by a predictable amourt.
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re construzted., In the Bight2<cld Way, the S vsaudoscalar mzz<:

ot
1
o
£
H

containing the mesons is included in the S-dimensicnel beryon x anii
cross rrcduct space, i.=., 3x3 = 841, liowever, if as in the Sakxatz modzl
we attempt to construct the baryons cut of this triples (for exampl2 :

n ~ ppn, Ef ~PAA, atc.) we are no lecnger able tc ‘classify shem in=-
the familiar group of 8 particles. The difficulty stems from the fact Thx
the 2ight-dimensional rapresentation describing *he barycns is not contain:
in the Z7-dimensional antibaryon x baryon x barycn creoss prcduct srace,
3x3x3, In the decomposition 3x3x3 = 3+3+6+15, only tne 15-dimensicnal
representation can accommcdate all 8 baryons. Unfortunately, thais rerrz=-
sentaticn contains other particles whose masses may be predicted by the

Gell=Mann - Okubo mass formula
m= mo{1+a‘f+b [I(I+1) - 1/4‘{2:[} . (

Since these particles or resonances do not seem tc be present in nature, w
must abandon the Sakata mcdel and work with the 8 baryons themselves as

1A%

.
-
'

D

"fundanental" units.

There is, however, another possibility based on 2 genuine desire io
keep certain elements of the Sakata model. If we build the baryons frem =z
triplet of particles (po,no, AO), (po,no) being a strangeness zero
isospin doublet and A‘O & strangeness =1 singlet, using 3x3x3 instead
of 3x3x3 we find that classification of baryons intc a set of 8 is
possible since 3x3x3 = 1+8+8+10. We note that the 10-—dimensional represenst-
ation is present so that the A\ 5 decuplet may also be constructed from
our three fundamental units, The 27-~dimensional representation and the 1C-
representation which opccur naturally in the Eightfold Way and which do not

secm to be used by nature for the baryons are suggestively absent.
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The onl: 2ifficulsy iz that now the barycns 3eeT tc have daryen
rumber 3. This we 2ot arcund by 2ssigning baryon number 1/3 tc sach momber
¢f th:z vtasic triplat,; whkick leads via the Gellelann - Nizhijima charge
fermula, 2 = e [Iz+1/2(3+s)j , tc ncn-~integral charges for (pc,nc,f\o) 5).

."-‘
The isospin doubleT (po,no) ccniains charges (2/3,-1/3) waile the

isospin singlet A‘o kas chars¢ =1/3, e skall call Pgrfigr °T /\0
an "ace", Note that thec charges of the aces are just tnosc of (pyny Ny
but shifted by a unit of =1/3. The isospin and strangeness ccntant,

along with space-time properties, remaln tihe sane, The ace properties
are summarized in Teble 1., We will werk with these aces as fundamental

. . . N 4
units from which all mesons ané baryons are to be cecnstructsd,

Perhaps it is best to state ahead of time the point of view we kold
regarding this mecdel. SU3 is the group cf rotations in a tiaree dimensicnal
vector space (over complex numbers). The Eightfold Way singles out for
special consideration objects in this space that have remarkably ccrmplicated
transformation properties (second, third, and fourth rank tensors correspond-
ing to 8, 10, and 27-dimensional representations). In a menner of speaking,
the Eightfold Way is & theory based on a vector space without vectcrs. We
focus our primary attention on vectcrs {aces) in this space where SU,
cperates., It is our hope that in so doing we will better be able t0 express
certain symmetries and asymmetries present in nature. Whether or not these

vectors correspond to physical particles is of ccurse impossible to say.

The validity of many of our results may not be taken as direct
evidence for the existence of aces, at least not if we are to believe that
the world is as complicated as most modern theories make it out tc be., For
example, baryon mass formulae will be obtained by a linear treatment of the
aces: but particle physics has taught us that linearity of this type should
be most unreasonable. On the other hand, saying that the vectors or aces
are some kind of spurions, fictional particles that help in computing con-
sequences of symmetry, is also not correct. Aces, unlike conventional
spurions, bind and have physically cbservable mass differences, The mcdel
we shall consider is quite”peculiar. It iz too simple o be literally

velid, yet too complex to be understood in conventional terus.
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TZE ZARYCNS
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v D e -~ -~ - - e
renisnce, let us designate <he aces (p_,n_, A.) &7

- - - 5 - =i - 3 e AR
cnstruct the states reprossnting <hs 2lznt Sarrtw

(A Aysdyihg ) In crder to

[

we ccnsider the reducticn of the 27~dimensional cresz groduct space of

- \ &) _ 7
"sreys" p.aAbAc ) (a,b,e = 1,2,3) intc irreducible represensaticns .,

A xA xA ~T + T + T + T

a b c abe, ab,c ac,b a,b,c
(3.1)
3 x 3 x 3~ 10 + 8 + 8 + 1
M 4

Here Tabc is totally symmetric in its indices and will represant nenmkars

9

of the O (1238) decuplet, while T,  1is symmetric in 2,® : bzing
?
explicitly given by

) (3.2)

Tab,c = ;5:5 (Tabc-Tacb+Tbac-Tbca
and will be taken to represent the nucleon octet (Tac,b could cf course
n2 used just as well). Ta,b,c is totally antisymmetric in a,b,c ard
allows for the existence of an I = 0, S = =1 singlet to be identified
with the ﬁ\ﬁ (1405). The fact that the A ¢ does not seem to belcng Tc
the 27=dimensional representation 8 or the Tﬁ;representation cf SU3

may be taken as a prediction of this model.

A. The Baryon Octet

We now list the 8 baryon states :



) =
- - = enr . =/ - \
hol -11’: _._1‘_71 1/ \14(-112 ..1:1,
AN
n - = 27 = N L
T22,1 “f12,2 14 ‘<r212 “21)
e} , iy
= - T . = = 2 -7 T T, +27 -
A Va/3( 13,2 Tyz,q) = 1/ VI (T4 25°7213% 051~ Ty327205 1y "T2q0)

12,3 s 170 SNTA2T T Dl TIE

= = = =27 - a(m =7

ST Tppg = =2Ta3 o5 = 1/ VAT p5-T55))
(o] \/"‘ T
- = 7 = =27 = 1 2P =i, =
D= Typ,p = 2Ty = VVERy5mTs)
=" = &7 = 27 = 1/ J2(7 -7

= 33,2 23,3 = 1/ V2733 T135)

For example, by inspecticn of the subscripts, T22’3 = 3 has

I, = (=1/2)+(=1/2)+0 and strangeness S = 0+0+(=1). Note that the non=-
integral ace charges (2/3,~1/3,~1/3) are forced cn us whern we assune
that the baryons are constructed frcm the aces as in (5.2). In the limit
of unitary symmetry the 3 aces are indistinguishable and all baryon stazes
have the same structure and mass. This is represented in Fiz. 1a, wherTe
we have drawn the unitéry symmetric limit of the trey Tabc from whichk

the octet members are constructed.

The mass m(T ) of a baryon Tabyc = (1/2‘[E)(Tabc'Tacb+Tbac-Tbca)

ab,c
may be thought of as the average of the masses of Tabc’ Tacb’ Tbac’ and
T, .a* We Tepresent the mass m(Tabc) of T, by
8 8 8
m(Tabc) = m(a)+m(b)+n(c)=E y E_ -E

where m(a) is the mass of the ace a 2and the z2%1s are octet binding

cnergiles 10). The baryon masses are given explicitly in Appendix A, In
the limit of unitary symmetry we have mn(a)=m(b)=m(c), Eib =E2d )

8 8 8 8 * °. .
Ea.b'Ec.d’ E.ab=E.cd so~that the masses of all the baryons are identical.
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W new assume that unitary symmetry is brexen due to the fact tna

44
. . . - . "+ [ :
th: singles A3 i3 heavizr than the doublet (A1,A2) ), in arzlogy tc
v Szkata modal where the A was sssumed heavizr than the (gyn)e Th:

taryons now break up into distinguichable zZrcups, sc frhat inctead of
we have Fig., 2. As a first apprcximation, neglescting diffzrences in
binding encrgies, we immediately find that the barysns inerease their masses

. . . 12
lincarly with strangeness, i.o. ),

o(A) = n(L) , @T)m(A))/2 ~ (a(Z)+wm(W))/2
(3.3)
(1115) (1193) (1154) " {1127)

The A and ¥ masses arc oxpected to differ, however, because the ace:

A3 is bound differently in thc two cases.

A natural assumption concerning binding encrgies would be

8 8 ~ o8 8 8 8 ~ B 8 -
V2(Bgs 4By ) BBy By ps /2By B ) R Es <y (54)
where o ,3=1,2 13). We then obtain in sccond approximation the familiar
(n(M)+m(Z))/2 = (3n(A )+m(T))/4 . (3.5)
(1127) (1134)

It is interesting to notc that if onc assumes that the breaking of
unitary symmetry by clectromagnetism takes place by virtue of the fact that
the A2A1 mass difference is nect zero, then independent of4the values of
the binding energics we have the mass difference equation :

n( Z7)-n(z% ~ n(gT)-n(T") - (a(n)-alp))
(3.6)
(6 +1.3) (7.0 £ 0.5)

Assuming that A2 (the more ncgative member of the doublet) is heavier

than A1 and neglecting shifts in binding energics due to the electro-
magnetic breaking of the symmetry we find the qualitatively correct result
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that within any crarge mul<iplet, Tae Rere nogative too particle, in:

e et s A e _ i e ) . } . L.
. nzaviir e mzszs.  Fiz. 3 shows the baryon ccrot after ST, nas boon triHiw

7 the sirenz 2nd _icetroamagnetic intora

I3)
a
dv
’,l.
[¢]
3
1]
.

If we furtior caswac in anzlogy 1o (7.4) that
nfo3 3 3 3 -8 -3 - -
1/2(200 45550 M By, 0 V(8] 0 ) R 3 (3.7)
we find
afl =¥ - o} . =
1/2(x{€)w(L7)) = o(L") ’ (3.3)
(1193.4 £ 0.3) (1177.2%C.7)

B, The Baryon Deccuplet

The decuplet statcs arc also constructcod from the treys Tabc'
However, the bindings butween the 2ces that form the decuplet may be
different from the bindings that were used to form the octet. This is
exemplified in Fig. 1b. The difference between cctet and decuplet ace
bindings is essential, for only in this way are we able to allcow Ior tie
fact that a JP = 1/2+ octet of baryons exists while a decuplet with tne
same spin and parity is absent., The model we are considering is unable 1o
tell us which of the representations 1, 8 or 10, if any, is to be used for
a particular baryon spin parity assignment. Nevertheless, cnce we know of
the existence of a baryon singlet, octet, cor decuplet, we are able to
derive properties of its member states. We will now consider the case of
a baryon decuplet as applied to AS (1238), Z% (1385), = 5 (1530),
f1§1686). First we list the ten states :
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I
—_
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|
—_
—
—_

§
a7 =/ VI T, = 1 (T Tt )
L\Z = 1/ VT2 Topy = /05 (T9p04T515+T15))
O = Taze, = Tz2e
fs = 1/ V12 Tyy5, = 1/ 3 (T4,5+T131+7511) (3.9)
Zos =1/J6 Tyo3, = 1/ V6 (T123+T231+T312+T132+T321+T213)
¥, o= Viz 1,5 = 1/N3 (Po5*T550+T550) 7
Eos = 1/N12 755, = 1/G(T133+T313+T331)

ol
'
it
-
~N
—
N
+3
"

1/N3 (TyggtTs55+T555)

o
wl
l
N
-

In the limit of unitary symmetry A1, Az, and A3 are indis®in-
guishable so that the ten states are completely degenerate. As for *he
baryon octet, we agsume that unitary symmetry is mainly broken by virtus
of the fact that A3 is heavier than A1 and AZ' The objects of the
decuplet will no longer be identical but appear as in Fig, 4. Neglecting
shifts in binding energics due to the breaking of unitary symmetry, it is
clear that the decuplet resonances increase their masses linearly with

strangeness, so that we obtain the analogue of eguation (3.3) :

m(zs)-m(ﬁs) ~ m(f_s)-m( zs) ~ m(D_S)-m(ES) . (3.1C)
(147) (145) (~153)

At first sight it may seem gurprising that (3.10) works much better than
(3.3) even though both these relations are obtained in the same degree of
approximation. However, if we go to the "next order" and assume for the

decuplet binding engrgies E1O relations similar to (3.4), i.e.,



1C.

00 L1 17 A0 Tl 17 ~ AC iC
1/2(2.7 -E ¥ Z, = 2, 1/2(Z; " ;+2 T3 =I.7.
/ ( 33' 4([3') PR :[307 / * J-:+ :x-ﬁ) 3 - J-;’.‘; '
. e 1 - { = !
10 i & & a0 A
1/2(E +5 X - =z I. A o= 2
/( 033 oc‘\e) Eo,O\ e Vo ! Said ]’L
we £ind that the analcogue of (3.5) is
o < -] ~ / - - < 1 s t N \_v -
(T )=m(8 ) v alZ)-n(T ) ~ ()==(z)
which is just relation (3.10)
There exists cne more interesting decuplet nass rormlila. Irdzoondor
of the tinding esnergiec we £ind
- _ 15 A
sl ) = s )z, ) P (3.7
&
(~1586) (1620)

Since the decuplct and octet are constructed from the same set of
particles, we may try to obtain & fermula relating the masses of the #Wo
different representations. Fcr example,

- 10 10 10 10 10 10
m(Z . )=u(T = n{3)-n(ct ).-1/3(E 2 B~ +BE; ;=~E =~ +E I -E 3.13)
(_8) (L_s) (3) ( ) /3( 33‘ “‘3. 3'3 o o b .)3 b.“{L) () 27

(£, = 1,2 depending on the charges we take), UNow, m(A )-n(¥),
o( T )-a(¥), =n(Z )-u(A), n(=).m(T ) all cortain the difference
n(3)-m(eX ) and are of roughly the right order oI magnitude., Assuming that

E1O_E1O =E1O E‘IO _E‘IO_E‘]O = E _EB =EB -EB (3.14)

8
33- D(ﬁc 3'3-G<-{5 - 153 '°({3 33- qB- 3-3 D(.B
we obtain

m(Zg)-m(ig) ~ n(Z )=-n(T) . (3.15)
(145) (130)

-
-
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Yote <nat we dc not axpect this equaticn to hold exactly, sven in

of urni=ary symmetry: first, bscause the zpins 2nd nepcs +he acoe dynamits

cr binding encrgiss diff:r for the twe roprzsentations; seccnd, becous:s
cetet and decuplet bindings mey differ intrinzically, oven though the

membars of thz cctat and decuplet have the came spins and paritics.

Once again assuming that the A2A1 mass diffarence accounts fcr

the clictromagnetic treaking of unitary symmetry wc obizin as 2ountIrparts
to (3.6)

n(D-a(a)) = 1/2((aD-a(a)m(aD=( ) 7

m( z:)-—m(z )

. 1/2(=( _8)-m(‘ *Yen(AY )-m( A++)) (3.16)

m( z:)-m(i‘_ 1/2(m(2;)-m(22)+m(A ;)-m(L\.;) )

Because of the success of relation (3.8) we are tempted to assume

10

10 10§ o
1/2(Eyq +B5,.) ® By,

10 10 y n 510
1/2(By 148 ) BBy (3.17)

10 .10 y o 510
172(E 1148 35) ¥ E 1

which immediately yeilds
1/2(m(?_2)+m(z;)) = m($‘_f°) . (3.18)

Figure 5 shows the baryon decuplet after SU3 has been broken by the

strong and electromagnetic interactions.

Relations betwecn electromagnetic mass splittings in the barycn

octet and decuplet may be found if we assume the analogues of (3.14), i.e.y

8419
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10 10 10 10 10 _10 3 8 B8 .3
By, 7By, ® BBy mE 7B gy ™ 322.’311. ~ B -ED
10 17 10 10 .10 10 3 8 a 3 s e
Byy =Eqa, By o=Bi T R E So=E [, M By By R E B (3.2
10 _10 10 10 10 _1C g 8 2 a 5 _3
- ~ “E.". x BE'__E T - ~ 20 L =z I,
Byg, =Eqg, ®Ey 57By 5 ® B 5=F g5 ™ Epg <Byp W By 575 5 ¥ 2555
Frem these follow
- ++
m(AB)-m( As) ~ 3(n(n)=m(p)) “y
(?) 7.9)
16)
- - + - +
m(?_%)-m()_s) ~2(L)-n(Z )
(17 +7) (8.25 £ 0.65) (3.20)

a(zD-a(zd) ~a(z)=(z® .

(2) (6.0 £ 1.3)

1 18
Using methods different from curs, Cakes 7) and Rosen ) hove cbtainsd

not only the esquations (3.16), but also
(3.21)

a(aD-a(s]) = a(z)-a(L])

(17 £7)

We are unable to obtain this result without the further ad hoc assumpticns.
In fact, in our model it is natural to expect that within any barycen charge
multiplet, the more negative the particle, the heavier it is. Consequently,

we might think that for the left-hard side of (3.21),

n(aD-a(8) < n(aD-a(AT) = 3(a(x)-n(p)) = 3.9

-



_a
W

in sor+vadicticow with Oakes and Rosen's result (3.21) if we

ot

[t

i

S . \ -_+ . . ) .
belicve in the large <’E DY mass difforence that is implizd by cither
b

Ccnseguently, & measurament

1o

-~ -
“i vlao

S mnass diffcerence is -f scme iatorost.

C. The Bzryon Singlct

The A ﬂ(1405)’ in the limit of unitary symmetry, is sktowrn in
Fig, 1c., PFigure 6 indicates the A\ﬂ, when the symmetry is troker by tre
strong and electromagnetic interactions. Since the /\ "%s a urnizary
singlet rothing quantitative can be said about its mass.
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TEE VECTZR ESCH CCTZET AT SINULET

Lzor 3voTos ars Luilt frem thi o snm. units (A1,A2,A-) ag “no
barycns. Thay are ccoatzirnad In ~he antleszel » ~0& 2rcse preduct spac: ¢
A7 x A, - (ZT=1/3%7D7) + o DD
9 ~ e &~ -
N (4.1)
2 x I o 8 + 1
a : o] S -
where A stands for the antiezge of A . Bee2use 9f the naTure 2o toe

decomposition of 3 x 3
?

mesens ean only fell inte groups =f 3 cr 1. Lk

Eightfold Way would cllow, in addition, groups cf 10, TB, h¥y 27, ncznie

bilitizs which naturc dce:

pictcrially ropresenscd in Figs. 14, 1¢, the two possible meson reproses

5 mo= szem tc toke odvontage of. Ve nave

ations in thc limi® of unitary symmetry. In order to oxplairn tho oxperi-

mental data it is nucessary <o assume that the cetet and singles AA

bindings arc the same, at least for the vector neson casc,

The vectcr meson

- (o)
?—D. ?_
K*o - DZ . K*+ -
uJB =

fer the octet, and

Q) =

for the unitary singlet.

=1/ \/-E(D: +D§-ZD3

states are given by :

1/'02fD1-D2) : ot = D2
1 72 s 1
% ¥ - 1 %0 Zz
p; K = . = 4.2
; D, Dy (

3)

1/V3 18 = 1/\[?(D1+D§+D§) (4.2a)

In the limit of unitary symmetry the masses of

the singlet and octet must be the same because the binding is identical in

both representations and all aces are degenerate., It is important to note

that this is not the case for baryons where we have assumed that the

singlet, octet, and decuplet bindings all differ, even in the unitary

symmetric limit.
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]

Ly~
H
(0]
Y
he
'.J
»
hN
ot
-
o
o
9]
x4
(4]
ct
H
T
3
-3
]
[t
+
-
}4-
=t
S
i
T
‘_J
3
'y
['X}
(13
H
]
o
t
14)
18]
(8]
ot
(¢
o
'—
o
un
o
'.l
[
ct
(2]
ot
-
I
i1

the I = 0 mnenmber, g of %hsz octst. &s = resul:i of mixing +hz rhrosis

ly cbservable particles wo and & are IZommed. Jince A3 teccnes 2ir-

tinguishable frecm A1 angd A2, w and Wg must mix in osuen a o2y
A

to separate (A1,A2) from . This immediately lsads t¢

3
3 ’
¢ =7 Y L
Lae )
— e
W= 1/N2(D4D3) .
The plus end not the minus sign that appears in the "deuce" expressicn Z¢

s . ° . 3
tw distinguishes the uo from the ? . Figure 7 shows the vector meson

states after unitary symmetry has been broken., Using the empirical fant
that when dealing with mesons one must always werk with squares of mass2s

and nezlecting changes in thez bindings due to the breaking cf unitary

1
symmetry, we immediately have 7) :

mz(gu) ~ mz(P ) (3.2)
(784)%  (750)°

() » 2 (K)a’(p) . (¢.5)

(1018)2 (1007)2

Mixing has made the q7 as heavy as possible, The rmixing angle O defi

oy

= WSING =1500s O
(4.6)
w = wOCOSG +wssINC9

tr

T

’
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*
) These relations continue to hold when we include binding energy

effects if we assume the meson analogue of (3.4).
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(92
.

comes our TS LE

' 319 = \J1/3 ,  2L3@ =NI/3 0, cr B R 25,37 (2.7
e 270
as compared with the empirical value cf O = 38 ‘.

Only now has the real power of dealing with three vaczic crlacecs

become zpparent. When woriting with the baryons, cnc cculd =2csily sarf z

=

example, that the more strangeness a particle carries, thz heavier It 1.

But by using the basic triplet of 2ces we are ablc tc say, after inspecTting

-

the baryons, that for an octet znd csinglet of nescns it

-
5 a hAonestranzc
ST e e

-

particle that is heaviest of =21l: for it contains mcrs A3 t.an tns

strangeness carrying meson dces.

Interestingly enough, we are cble to improve z2quatiocns (4.4) and
(4.5). If we define the traceless matrix V of the vector meson octet in

the conventional way :

W /NE+ /N2 oF KT
vV o= f"- -y /N6 - gf’/\f—z— K°
K £*° -2ty /NB
and let the matrix G be given by
Cop = Vap* Sap wc/\/? (4.8)

then the mass formulae (4.4), (4.5) may be altermatively derived by

assuming that

2

H" = H

=M

= mf TrGG - m2

2Tr§'(G)\8+)\8G) (4.9)

-
-
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T S a5z oteras in fthe sguar: of ths Homiliomioan E . Hire I
standz fcr trace whils

z 2 p.® 2 - 24 -

'“:' = (22(X )+u (@ V)3, “‘2 = (2°(E*) em (% Y15

and

-
o
(@]

s

>
@
1]
-—
~
<
Ny
o O
o
]
n

Vete that we nave cupprossed 2ll terms invelving Trl= V3 el

o SoR B s ol e

Mcrc generally, however, wc may write rer the mase

square of thce Hamiltoninn,

2 2 2 - 2 - =
H® = Ej+my TrGTrG+ m,(TrGTrG)\8+TrGTr\; Ng )+
(24,12}
+ 22 TrEALTTG A me TrEA L CA l
5 8 8 76 8 g !

. . 2 2 . . .2 .

wheore we trcat the terms in m3 to = as periurbations to g oo
the tere "ZTrETrG is invariant under 37J. while the tcrms multiplyin:

s

“3
mi, mé, and mg arc not, we might oxpcct that to 2 good appreoximation wo
only nced keep the perturbation TrGTrG, i.c.,

2 -— \
HS = Hf+m§TrGTrG . (4.11)

Doing this we immediately arrive at
n?(w)-a2(9)/2 ¥ u’( Lp)+m2(? )=2m® (K*) (4.12)

which is correcet tq the known accuracy of the masses.



V. ZHE PSZUTOSTAILAR [E3CI3

ﬁ{x Let us z2ssuzmc +thet in the limiv of vnitary syamesry we have ooiie
pseudcscalar mzscns of etual masy, just like the vector meoson ozsa, ko
members c¢f the cetet we 281l (TT,A~"1
Mt Breaking the symmetry by incroasing ths AE nass yiz.ds rolaziins

analogous tc (4.4) and (4.3), i.2.;

= (T72) ® n(TT) (2.
2 2, 4 .
27 (m) = 2% () =0 (T7) (3.7
ol Pl
(550)° (690)°

c N . ,
where " and 77'0 are the physically observable particles that resuls
from mixing M8 and "Mo? just as qD and W) are mixtures Sf WO .
and w e Purthermore, by using arguments identical to thcse given in

the voctor meson case, we obtain thae analogue cf the mass relation (£.72)

2,0y _2 ~ 2 2 2. I
(@ (1) =n"(1T))/2 ® n°(~ )+"(1r)-2a"(K) . (5.3
Substituting the physiccl masses for 7T , K, and ™ we seo tial = {777
comes out negative !
Fortunately, we have an orgument that cileviates these obvicus
2 0 ; .
difficulties 2'). After increasing the A, mass we found m2(776) = n (77 .

Therefore in this approximation, and this is the crucial point, m2(TT8) is
very small compared to the mass square differences that exist among tiaec
pscudoscalar mesons. A smell perturbation (one which chonges mass squerss
by an amount small comparcd to changes initiated by the A3 mass incroase)
may be enough to shift thc mass square of the 77'2 dovn to zero or zven
negetive valucs. We might say that the Trg is formed from two very
massive objects that are extremely tightly bound. Energy conscrvation
leaves the 77'2 with 2 small peositive cnergy or mass. If we introduce

a perturbation that decrcases the mass of the fundamental objects or
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19,

)
ircrzazes ke tinding strength thar iz TT'C may nc lonzer pessess =z onit
nczitive enarzy and cennot ccerrespend te o srnysical particle.  This, T

: . . . . . . . - —':/
scmi*aing like it may te <he situcticn in the pseudoscalar mezcn coza 7.

It is interesting tc note trat we weuld net expect the removal oo
the W in anzlozy to the eliminetion cof *txae Tf;. “he periurbati.n
given by (4.11) is expected tc ~hift mz(uJ) by an =zmcunt small compared
©0 the mass square splitiings induced by the increase of the A3 nasz,
Since mz(uJ) is larger tken the vector meson mess square splitrtings thors
is no iznger cf the ww's disappearing through the introduction <l 2

perturbaticn, i 4

With the remeval cf the 7T'§ we expsct that ths pacudcsczlar
mesons behave as an isclated octet. This is indicated in Fig. 8. leglizit-
ing changes in tne binding energies due tc the btreaking of unitary z;mmetry
we immediately obtain, by counting squares, the celebrated Gell~lann =

Ckubo formula :
n?(K) & 3/42° (m)+1/45° () (5.2)

Neglecting differences c¢f binding energies within cctets it is

clezar that we have the relation

mz(K*)-mz(?) % n?(K) -0l (TT) (5.5)

(0.22 GeVz) (0.22 GeV2)

Note that zlthough it is imperative to assume identical octest and
singlet ZA bindings for the vector mesons, it is by no means clear that
a similar situation must exist for other meson representations, It is
possible that the pseudoscalar meson singlet "o is not bound =2nd zhat
the binding of (DU and the equality of the w)., 2and Wg masses in

o
the limit of SU3 symmetry is a very special circumstance, perhaps being
due to principles that are not yet fully understoocd, Indeed, the vector
nesons do enjoy a privileged position in that they are coupléd to conserved

currents.

*
) This relation continues to hold when we includc binding energy

effects if we assume the meson analogue of (3.4).
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(9]

¢ *het the a.i, mness lifference .cecunts Ior ke
¢ breakinz of vritary symnetr; we are unatle t¢ obtain e .-
e eocuaticns that are indspzndent of the

Zﬁhalogues ct

o
13
1)
0
)
=
' 1.
(]
th
Y
H
‘h

independent elecircmagneti

+he barycens. Furtharmore, attamp

T c
+
1ike (3.7) or (3.17) tc mesons ends in failure (=07 =)
1

“hat we are unablc to say anything abcut nsson electronaan
differences. In Figure § we dispiay thc pseudogcalar mesons aftor wil"niy

symmetry has been broken by the strong and clzctromagnetic 1us
4
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VI, VECTCR MESON DECAYS

Ir th2 nce modszl the veecior = vester = rzeudoscalar couplingt [7NC
ere 2asily determined pictoriell:, As on example we indicate in FPig. 7
. — -y . . . . A
how the coupling ( WE K 7 1is ottained. Tigure 11 further exexp.Z -

this graphical technijgue. Irn *his manner we cbtairn the interaction ziven
in Appendix B. Feor preccesses like K* - K*+7T or O T we ame
determining the SUg invariant interaction that is c:évcntionally calicd
D type coupling. E{‘hc Eightfold Way would have ziven us Yan identical
answer, But unlike the Eighitfold Way the ace model 2lso tells us how .

and (¢ couplz. Tor examplc,

~~
()}
PN

(F- f) + 7T is forbidden,

as indicated in Pigure 12. Experimentally, thz decay rate for

this mode is depressed by at least a factor of 200, as compared with waas
one might expect on the basis of phase space arguments. It is importexs =0
note that the coupling scheme we advocate contains within It information
regarding the way unitary symmetry is broken, i.e., @ —~{J + 77T is
forbidden after SU3 2L
we expect that this decay mode should be greetly inhibited. In fact, (5.1)
is the coupling analogue of (4.4) and (4.5). Any theory based on the
exactness of unitary symmetry and forbidding @ - g.» 77 would be inadsguats
for we know the symmetry is too badly broken to be consistent with the

is violated by the strong interactions: consequ

experimentally determined suppression of this mode.
Using the G matrix defined in (4.8) and letting

+

"1/\/—6'+77°/\f2' Tt x*
P = T "l/r—yro/\‘—Z- Ké (6.2)
K *© --’\'1/\'/_5-
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2z,

sne can easily show that the above ccupling scheme is equivalent to lsI7ing
the intaraction Hamiltconian Hir‘ be ziven ny
By & 0T (GP4PC) . (3.3)
: m L : 21 ) il V.
Note that terms propcrticnal to TrGs= \),-«u‘o are nct includsd ., Ve have

found a similar situation when using the matrix formulation te derive

n’(w) *a’(p),

The P K*, w and @ states given in (4.2) and (4.3) are
eigenstates of the Hamiltonian H1 displayed in (4.9). It.i§ interes
to ask for the eigenstates of the perturbed system determined by (4.11
i.e., for

g2 = H12+m TG TrG = H$+m§(2:>u.>+'q3<p+ V2 S+ V2 T V) (2.31)

2
5
Only @@= Dg and w =1/ \/.E(D:{Dg) are affected by the perturbaticn.

The perturbed eigenstates ', and cp' are given by

¢ COSp QP+ SINpw » @+ A w

W =COSpW=-SINpY BwW=P@

where

B = VZ 22/(@2(p)-n’(w)) = (a®(w)n’(p))/(V2(&*(@)=a*(w))) .

The | @ ©piece of (f' is unable to decay into ?+TT, as demonstrated
in Fig. 12. But the addition of the term />w allows (p' to go to
p+ T just as o - ?+Tr (virtual) = T +T+7. The o s coupling
constant may be estimated from r'(cu - 377) = 8.5 MeV. We find that if
the @' - e coupling were the same as the w - P'JT coupling,

P(Cp' —’?T, all charge states) would egqual 54 MeV 24).

P(Qp' = ?Tr) < 1.0% 0.6 MeV 25). The model we are considering yields as

-

Experimentally,

-

a crude estimate
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=
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0V = ¢7T, all cnarge states) = |
for m{w) = 784 + 0.9, r..(g;):?gaig, er

— -
! (C.‘O' - §~1T, all charge states)/! ((‘c' total) ~

~ 003 i 001»1/3-1 t 1 ~C,2 = 0,04

This is just at the verge of experimental detectibility. The quantity =
is very sensitive to the ww P mass difference which aceounts Icr Th2
large errors given in (6.5). To summarize, we have found tiat & - Y s
is forbiddern to the order in which mz(hd) = mz(? ). The interactiocn
responsible for the splitting cf the P masses also induces tne deczy

@ -*?'ﬂ'with a strength proportional to

. , 2
Y_(mz(w)-md(?))/mz((&)-mz(w))} .

B, V = P+P

Couplings for decays of this type may be computed with pictorial
techniques similar to those used for V — V+P, There is one essential
difference, however. When forming { |VWP| ) we allowed V to act on
V as exemplified in Figs. 10a, 10b, and 10c., In Fig. 10b we see that an
open and closed circle at the bottom of two deuces annihilate, which
effectively multiplies the coupling by +1. Had this annihilation taken
place between objects at the top of two deuces we would also have nmulti~
plied our coupling by +1. A situation of this type is considered in
Fig. 11. Now, it is perfectly consistent with SU3 to use a +1 for
bottom but =1 for top annihilations. This latter approach gives rise tc

what is called F type couplings. Whether we use F or D coupling for

a particular meson imteraction is determined by charge conjugation invariance

For VVP we are forced to D type, while for VPP we must use F.



8419

24,

The w - (P mixing that is implied by our xcdel leads o *he VPP
ccurlings given in Anpendix b. In nmatrix notaticn

~ad

= - ) oo N P .
B oo IrG, (& PP-P S, P)

We may readily compute ' (P — X+X)

in terms of [ ( ? - = +77). Fer
a width of 100 MeV
? )
(e - KX, all charge states) ® 2 MeV , (6.3)

26 T
as compared with the experimental value o) of 3.1 L 1 ileV.
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SARYCN CCUPLINGS

Ti.e baryonz (mezons) are cznstructed frem linear cconbinations ol
. . ‘ -2k -
txeys (deuces). £ ws understand how o cowsle twe trerys I Lc’ .. T
- ' ) de’
P : . . . . . . .
a deuce DS we will in erfect inow iLow tc determire the baryonetiryon-

~abe .
1 n3tmis

ingllate That Lt 13 ¢

O

neson ccuplings (the uprn2r indicse on

from antiezces). Cwe natural ways of proceedin are deipicted In Fiz. 13,

Jabe

We wlace the triangle renresernting the trey I next to tho friangic
representing Tdef in such a way that corresponding sides match vp, Iha

we see if the two triangles can annihilate with the help of the "dunbebell"

that represents the deuce., Only aces and anti-aces lyinkYon correspondin’

~

vertices cf the triangles are allowed to annihilale cne znoiler, with
without the help of the ace and anti-ace which lie on the ends cof the
dumb=bell, For example, TabcTabdbg (¢ # 2,0t 4 # a,b: a#b: nc

sunmation over repeated indices unless otherwise specified) sives +1,

bac d achb a ~cab d _ .

T Tabch = 0, T Tabch = 0, T Tabch = 0, etc.

mach da _ bea,, a _ mabe 4 _ R .

T adbe = +1, T ‘adch = 0, T Tadch = 0, etc.

nCab a _ ~cban, a _ mbac d _ .

T Tdach = 1, T ‘dach = 0, T Tdach = 0, etc.

. ace e . s
For cases like T T,  D_ (a £ c) we ccunt each physically distinct
annihilation configuration. Hence, p&C¢Crp ¢ = 2, poCCr ¢ = 3,
acc ¢ cec ¢

etc, As an example, let us now compute the pn P coupling., With tke

nelp of (2.2) and (4.2) :

-+ 112 121 2
CIn ot Y = 1/2( Ear SN (,, 51,5)0]
112 112 121 121 2
2 A/2(T =T =T Tygpt T " Ty )0
112 121 2
= 1/2(7 TpqotT T221)D1
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==1/0 = 1/2 = -1,

d

i)

In this way we generate a coupling scheme whisk is converiicnally call
F type. There are, however, cther possibilities. Let us label the
vertices of the trey triangles in clockwise order ty 1, 2, 3., ¥We may :-.ex
multiply the coupling by +1 cor =1 depending on the particular vertex
where the dumb=-bell or deuce acts, rather than our mcre restrictive previcus
choice of +1 only. Mcst "matural" (which means that it is the firs®
possibility we try) is to assign +1 to odd, =1 tc even numbered
vertices, i.e.,

12%%r 00 < 41, 2 . 0d = -1, 2% pd a1, ete.
Using this coupling scheme, labelled (+-+) for obvicus reasons, we
obtain the "F+D" interaction rather than the pure T of (+++), The
other choices (+=--) and (++=) yield D and F+D respectively. Ilore
complicated ways of cbtaining SU3 invariant interactions are discussed in

Appendix C.

It is important to note that in discussing the various trey-trey=-
deuce interactions we are determining nct only baryon cctet=baryon ncvit-
meson interactions, but also baryon decuplet-baryon octeile-meson, barycn
singlet-baryon octet-meson, etc., interactions. Table 2 indicates various
baryon~baryon-meson couplings that are induced by the coupling types we
have discussed. The entries labelled S and T stand for singlet and
decuplet interactions given in Appendix C. We shell concentrate primarily
on the baryon-baryon-pseudoscalar meson interaction becauce of the wealth

of available experimental information.
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It is pcesible tihat rature uses.a coemplicatsd linser cembiraticon of
ths ccupling zchemes we have mentioned. The F/D razic would then te
determinable only oy cxparizent cor dynamical calculaticns. llowever, 1I w3
require that the coupling be alzcbraically natural and of the zimglest 7:irm

wz arc auttma+tically 1l:4 ¢ (+-+) sr (++=), thet is F+D. Any othzr chcice
would not generate interacticns irn all representations., This assumpticn of
simplicity is consistent with all known experimental information and szeoms;

in fact, to be regquired by existing data, This is discussed in Secticn IX,



VIII., THZ WZAX INTERACTIZCIS

- Te hav:z sbiained =ne resuls *tnoi A ic neavier sion (fo;u) o
- < fo7T0
an amcunt charasteristis ¢ the zress maszs oplittings witrin an ozteT o
decurlet, i.e., 150 liav, We trherefors zxpect that A~y T 1t cxizis,
would undergo the 2 -dzeays
-1/3 +2 -
/3 L ¥ =y
o “o
{a.1)
+2 -
- /3+/4+J/
o] sy
just as
/\-p+e-+)/
(3.2)
= btut+ Y

On the basis of the electromagnetic mass splittings within a givern
isotopic spin multiplet, we are also tempted 0 conjecture thiat n_ is

heavier than Pys making Py completely statle (1ike p) but allewing

the decay
ng'/? = i ey (3.3)
just as
n - p+e + )Y (8.4)

The A has been considered a bound state cf Doy By and  A-
Consequently, it is natural to assume that reaction (8.2) takes place as a
result of (8.1). Both of these decays are then gcverned by the same coupling
constgnt. Since the A p and AP, Tass differences are comparable, we
would expect that the A and /\o R -decay lifetimes would be of the same
order of magnitude. Similarly, the lifetime of the n, would be roughly
that of the n. - o

-
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ny
(Val
.

A thecry c¢f leptcnic decays bésed cn the fundamental reactions
(2.1) and (8.3) is in fact quite pleasing. Wz assume that the wezak dscays
cf szrongly interacting particles are induced by the weak decays cf the
aces which comprise *them., The couplings (weak intesraction Lagrangian) zey
be simply determined graphically. Fcr example, we assume that a tarycn
undergoes /?-decay when an ace at cne of the vertices of the triangle
representing the baryon decays into another ace + e J, while t:z aces 2t
the other two vertices remain undisturbed. lﬁe immediately see that this
is just the coupling type (+++) discussed in Section VII, with the msscn
replaced by e )./ Prom this follows :
Ty
1) the conserved vector current theory for non-strangeness changing

(AS = 0) 1leptonic decays:

2) the |AI|=1/2, A4S/LQ=+1 rules for |AsS| =1 1lzptenic

decays:

3) <z o= =%e"+JV  is forbidden (8.5)

if we demand that the same coupling type be used fcr the descuplet
as for the octet of baryons /see Table 2, entry (+++)/. However,

the reaction

Qg - =%e"+V  is allowed. (8.6)
5

In analogy with previous work 27) we assume that the space-time
part of the weak interactions is to be written in terms of right and left
handed aces, i.e., a so-called 1 % 3/5 28) theory. Departures from this
type of interaction are attributed to the breaking of unitary symmetry.
Unfortunately, we are unable to estimate quantitatively how badly the
symmetry is violated. dowever, neutron /3—decay affords us & hint in
this direction. . In the unitary symmetric limit we obtain for the inter-

action Hamiltonian :



AN
W

B @B Y, (12Y)py ¥l ¥)e (8.7)

where there is an urncerzainty as to whetiher the + or = sign is ccrrect
27:')

(in this ccrnection see Ref. . Ixperinmentally,

H, 4C n XH (141.25 xs)p; xu(w Xs)e (8.3)
If the + sign is to be used in (8.7) then there is a chance that the
symmetry remains recognizable after it is viclated., Table 3 ccntains
predictions of the theory for [Q,Si: 1 (5-decays. The results are
compared with experiment and the work of Cabibbo 29 . lcte that we nave
also included numbers for E:" - p\+e~+1/ . T™e ccnserved vector current
theory predicts that the vector part of this decay vanishes. We nave
assumed, in addition, that vector and axial vector should always enter in
equal strength. Hence, our model forbids this decay. To obtairn some
feeling for what fcrbidden means, we have assumed that unitary syumetry
breaking interactions have changed '{’x“(mo 35)/\ to

EZ' 3'“(0+O.25 xs)/\ much like n g~(1+ \015)p becomes & Yu{1+1.25 K5)p.
We then ottain a branching ratio of r‘( 'i- = A +e"+ V) /T ';'_- total) ®

~ 10-5, which is compatible with the still very crude {9 events) experi=
mental result.

The ace /\c> is alsc expected to undergo non-leptonic decays :

-1 2 -
AL /3, p; /3+TT

(8.9)
-1/3 -1/3 0
/\O - no + TT
If these reactions obey a ]AI] = 1/2 non-leptonic decay rule,

then so will the baryon and meson non=leptonic decays. The rates for
(8.9) are comparable to the rates for /\ non-leptonic decays since

similar mass differences and coupling constants are used in the two

cases. -

-
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I+ is possible that the P, and /\O lifetimes ars nit rrimarily
determinsd by (2.1), (8.3), and (8.3). Fcr example, if the Ad systexn

tinds we nizht have
-1/3 -—p -+1/3
/\ . / — /\ +(po /3 no / )

n-1/3

==2/3 =+1/3
o] P nO )

- n+( o

Both these reactions cculd proceed via the strong intcraciions and hene.

make A o and n, short-lived "resonances". Similagly fcr

v o

However, a crude sstimate of the AA mass indicates that (g.12)

is energetically impossible. We argue as follows :
a(EX) ~ 2n(X)-E(ZX) (8.11)

where m(KI) is the mass cof ZAX and E(II) is the &AA pinding energy.

Since

n(B) ® 3m(X)-3E(RX) ,

m(antibaryon)
(8.12)

a(FE) & () + m(f) ,

forbidding (8.10).
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The /\ 3(1635) nas yet tvo be discovered, although its :

already have been obsarved.
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O
O\
¢
3
H
[
| -
£2

3.*6(1515), /\5(1520), 25(1660), '_-'_K(ieoo)'z . (3.2)

Yote that the mass struciure of the Glashow=Rcsenfeld Y- octet is
untenable from our point cf view for *he mass differences Dear nc¢ resane

blance to those of the N,A,L,-. The = 3(1600) nas teen locked

for but has not yet been found, Furthermore, there ars indications the”
: . ; ; I “f 4= 2
the parity cf the A (1520) 1is oppcsite to that cf the 1(1315) 5 ).

Using the F+D ccupling, as indicated in Secticn 7II, we have
found partial widths for the ¥ - octet. Results for the Y .cctet and
§ - singlet are shown in Table 4 and are in satisfacteory agresment with
experiment. Since the TT 3 decay meode of the A\ ¥ is nct dcnminant, it
is not unreasonable to suppose that it has been missed in sxperiments

locking for 7r 3 enhancements 33)’34).

Because m(/\K) ~ m(i:x), there is the dangsr cf confusing the Iwo
resonances. Bastien and 3erge have made a careful study cf X'p
elastic scettering in a region where the total energy in the zentre=ci=

mass system is ® 1660 eV, They find
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Ioepe = .

. 35 .
Alvarez 2% =1, 32 in

L

SRS

within the statisti:z:z

is observed. They astimaTe

e '\ZX—» ) S 2 ey Ty RS

which is zonsistent with »ur prediction
i —\ . .
(g ~R) ~¢ .
¥

Relations (9.4) and (9.5) arc remarkable in that phase spacs 2onsidsri-
T

tions alone would predict much larger wildths. If Bastizn znd Zorss 1o
really seeing the ccmbined 28fcets ¢ AN x and S X tror (2.3) 2nd

(9.,4) reed not be in contradiciicn,

We shall fcllow Glashew and Resenfeld in assuming the sxistenzez O

an o - baryon octet conposed cf

w, (1685), A _(1815), T  (1875)2, = [(1972)2.  (octet) (2.3)
Once‘again we use F+D couplings to find the partial widths for the
decay of this octet, as summarized in Table 5. In crder tc obtain scme
idea of the expected accuracy of these results we have included in
Table 5 theoretical and experimental decay widths cf the wsil establisned

§ - decuplet 36).
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AEUTR VDO ANYTA mmp e
CTEZR 1ZS2hic STATES

Althougk tha R (725) nay bz accommodated Inve R unitary symnetry
scheme without any partner y 1t is nevercheless interesiing to =
that it is fcrmeé from IA and to aprly therefere equa
to 3ee where its companions lie, 1f they exisi, Wo find tugt ths I
state 77'* is at ~55C, whilc the I = G o»escnence ™ app
~775 MeV, within the rather tread P \ rass re

52)

g
c ; . . . :
ar. agymmetry exists in j:' decay while none is trzsent in thz dec

of charged P 's, Thiz asymmetry has been asseociated wita a rapilily
rising phase shift in the I =0, J =0 or 2 777 system. This may in
fact be the ‘)l ¥, Tc allow w\* - -n+ 7,—' we want G parity +1

zero is the simplest choice and would also forbid the decay K (888) -

K (725)+ 77 which sxperimentally seems somewhat suppressed 9)) Henee2,
we take for m * PG _ vt or 0= If we pick O then its partner
;7% would be C ~ with the principle decay mode being 3T s, It tosn

should have been sean in some >f the experimentis thal 2stablished t'he.
existance and quantum numbers of the ’V\ (550). Since nc ,L-:.n.g peculiay
has been repcrted we are finally lad to a tentative O 2ssignment Icr
the TT* end 0" 7% for the 4\ *  The smallest znumber of JT's the T
could siroengly decay into would then be 5 (2 is excluded by varity), tut
energy conservation removes this possibility. The principal dzcay modes
of the 77* would then be 27+ ¥ (ordero ) or 27T (crder o 2).
Like the ){ it should be produced with & rather small crcss-scction. It
has probably not yet been seen although thers is a chance trat it might be
the C + The ’7* is detected most easily through its mode 4'\* e ',TO,

*

since f:° ~ 97+ 7 is forbidden.

With the help of unitary symmetry we find that

r‘( ’\'l*

Since experimertally [T( W total) £ 15 eV, r (1,]* sotal) < 17 HeV.

total) /[ ( K to'tgl) ~ ¢ 4\* T/ (K =&k = 1.154 -(10.1)
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)

It is tempiing tc put the B(1220) ~/ 2nd the ¥*¥ or 2*i((141331
tump into the same STJ3 represen<taticn, Exisiing data favours a 17 :I
assignment fcr the 3 42), althcush the cvidince iz not coneclusive, The
B and the f£° would then be considered decay =cdes cf the same partizlc :
Let us assunme that J‘P = 1" iz ccrrict. In order te facilizate th2

labelling of these mesons we adopt tiic ecuvention ¢f Resenf:li, Chew
and Ge¢lleMann, The B would ticn be called TTX while CO‘ T ”] ¥
would stand for the bump at 141C depunding upen whether cor not therc is
singlet=octet mixing, Wec use 4]% if there is cnly an ccitct 2f mesous.
The two possibilitics are

vy

Ty (1220), K (1365)2, M (1410) (cotet) (15,24

e

5(1220), wx(wzo)?, ]{3(132(’)?’ wx(mm) (cctet+singlas)

(10,22

The masses have been obtained with the zid of equaticns (5.4) for (10.1):
(4.4) and (4.5) for (10.2), Note that the ordering of the masses i3z just
as we would expect., Moreover, the (octet+singlet) case has the remarkable

property
w?(E y )on® (T ) ® u? (k)= (p ) » n*(X)=a"(T) (10.3)
(~0.24 GeV) (0.22 Gev?) (0,22 GeV?)

which is good to known accuracy of the masses /see Equation (5.5)/.

The ¥ - mesons have two different types of decay channels open ic
them, as is exemplified by the 7Tx which decays into 77 77 (PP) and
w7(VP). Both the PP and VP modes are impertant, complicating any
study of the Y- meson widths, PFurthermore, there is the uncertainty of
how to treat the Loy = cﬁ% mixing. Poritunately the ace theory suggests
answers to these questions, PFirst, uJU-CPK mixing must be the same as
L =~ ¢f mixing, Second, all couplings may be determined as described in

Section VI. Briefly in matrix notation,



Hipe * 77 vx(z‘-m&?) and IV, PP (zctzt) {10, 1
\-‘-‘ — 3 —-—
H, e m.Zri}K(?S+GP) 2nd Tr(}KPP (vet:T+singlet) (10,7,
where ‘Vx and G‘K are -he Y- =mescn ccunterparis of the ¥ and 3

matrices given in (4.8), The =nace-time
suppressed, Finally, we mignt gxpect thax
— :
T (T, = om/T (T =) = 1/2 (15.2)
T

This latter resul® is cttaired in the fcllewirng scmewhat indirect nannsr.

The Gell-Manr - Okubs mass fcrmule may be written for mescne es ¢
22 = x2(1401 (22) (1(1+1)=1/4 1))

where m and b! vary from one representation 1o another. b!' may e

considered & function of mg, for m; may be taken to label the represent—

ations. Equations (5.5) and (10.3) imply that
2 2 -
' ~ )
b (mo) 1/mO . (1C.7)

This observation tempts us to assume that if we have two different meson
representations of the same spin-parity decaying into similar final states,

the couplings K(mi) governing these decays have for their mi depend-

ence
¥ @2 ~ /w2 . (10.8)
o] o
This would imply a connection between

) T,

b) 77‘6

- 77 T and ? -J7 7T¢
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wl

Ye otzain in this nanner

where 53+, 348 are [] wmomenta: 750, 1220 are ? and 77% maISEDt

925, 1350 are values of m, 44).

b)
v
[ ( ﬂ% - T all caarge states) = 43 MeV v (1C.10)

where the W p7] coupling has been estimated from the 37 decay cf the

tue This yields

q —
I ( My total) ® 130 MeV (theory)
as compared to (10.11)
ﬂ ramte—
(7 y total) = 100 * 20 lleV (experizent)

and a forticri equation (10.6).

To obtain some feeling for the partial widths of tne ¥ - mesons
we consider three cases. First we assume that only the PP or VP channel:-
are impertant. Then we take the case where @

l_‘( WK - W » 8all charge states)/ r(ﬂ-‘( =Ty all charge states) = 1/2.

These results are summarized in Table 6e,b,

We have also included partial widths for the mesons under discussion
assuming them tc be &= 1¥(&) instead of the more probable 1 (¥%).
There is satisfactory agreement with experiment only when the mesons form

-

2 nonet. -
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oI thase

(m(Az)-m(A1))/:(A1)

and nct by (mz(K)-mz(Tr))/ﬁz(Tr) or  (n(A)==(8))/a(¥), The amcunt <l

unitary symmetry breaking is universal, it is the s

baryons, it is identical fcr cetetz and decuplets.

roughly the same mass dilfsrences within +he mescen ccte*ts, the baryon

octet, and the daryon decuplet, irrespective of the masses
a

of these representatiocnc.

Although our acses 1R Ac rave "pesuliar" baryen number and
charge, their space=time prcperties suould oe identical tc 1w, n, A
(in this respect we may think ci them 23 p; =, A with shargs translazad
by a unit of -1/3)., This places a restricticn cn the juantunm nuznkesrs
that a meson may posséss. For exanple, for zcpin O ¢r spin 1 non-

. PG - .
strange mescns, the following J are sxzluded

-+ - - - -
1) o' 07T, 17" for isospin 0 states:

0 0 1 for isospin 1 =svates.
4 ’

Up to new no resonances aave been found with these quentun nucbers,
Table 7 lists the 17w mas3 mescn stat2s that may be formed from AA.

It is natural tc agscciste the btaryons with the lcwest <nergy
state of the trey system that reprecsents them. This presumably means
that the 3 aces are all in orbital angular momentum S states with the

gspin of one pair summing to OC. Similarly, the pseudoscalar mesons

8419



8419

33.

vuclacn (22e) and anti~ icleon (antieace) stats 2re orposizts, we 382 ~ia”

2
inzis parity o°f *he pion zhould te cdd w

If aces exist, *hey most probably intsract strengly, like The
nucleon cr pion. There zre ctiher possibilities, however, wrich must 02
kept in mind when designing cexperiments to detect the aces. TFor examplis,
there may be an interaction, stronger than the strong interactions, wilc:
governs the beraviour of aces causing them tc btind to,form nmesonz and
baryons. In this mcdel the streng interactions would te viewed 2s "zine
kind of van der Waals' force". Just as two isclated electrens dc nos
interact with a van der Waals' fcrce, so two aces do nct interact stronslr
The ace~like structure cf a system wculd then be discernible at distances
measured in terms of the masses of the particles which tind the ac:s
(rot the pion mass). Consequently high momentum transfer experiments may

be necessary to detect aces.



XII, CCUNCLCSICHNS

o The schoma we have cuzliined has givarn, In addlitiscn o wnzt Vw2
RSN
’ alreszdy kncw frenm the Eighticld Way, a rathor locre cut unilfiad 3Trustar:
tc *h2 m:zscns and baryons, In riew f thc axtronely ~rude mannar In

which we have approached *hs rrotl:am, the resulis we have ttizined z:znm

somewhat miraculcus,

A universality principle fcr the breaking of unitary symmetry oo

the strong interactions has te=n suggested. TFrom this fcllcewed a guall-

<

tative understanding cf ithe mesor na3s splittings in erms.af the var-on
mass spectrum, e.g., m(A) > n(d) implies that m(@) > (TS zlwl ~
~ m(? ). The proporiicnately larger mass splittings within the pseud:-
scalar meson octet have been explained, Mass Sfcrmulae relating membsals

of different representations have beesn suggested, e.g.,
(%(u)0%(9))/2 % n?()en® (P )-2n’(x")
n” (K*)-m (F) 2o (K)-a"(m), =n(Z)-m(L) ~m(-_&,-m(28), ete.

A universality principle for the breaking of unitary symmetry l¥
the electromagnetic interazciicns has also veer assumed. This has lad to
the qualitatively correct result that within ary barycn charge multiplez,
the mcre negative the particlc, tle heavier the mass. Elesciromagnetic
mass splitting formulae relating members of different repressntations

have been suggested, e.g.,
n( g m(g™) » m(Z;)-m(:;), a( =7)-n( =°) ~ n z_;)-m( 11), ete.

Nature's seeming choice of 1, 8, and 10-~dimensional representatiozs
for baryons along with 1 and B-dimensional representations for the mesons
has been accounted for without dynamical or "boctstrap" considerations.
The amount of cctet~singlet OJ-qm mixing has also been predicted with

-

algebraic techniques.
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A victcrial methed for determining strong intsracticn ccupling

n rresent2d., A unigue barrcorn-barycon-pseudcscalar ostn
courling has be=n susgested (F+D). We have fcund that @ - e L
forbidden *to the order in which mz(ua) = mz( P ). The interaction
responsible for the splitting =f the (o ¢ masses ras induced tuz izonw

p - §>TT with a strength prepertional 20
(2= (/2P =? ()]

- s

w

The quantum numbers available to a meson have tean restrict

L]
these which may be formed from the p,n, A and their Tantiparticles., Tl
odd intrinsic parity cf the pion and oppesite nuclecn parity itz nazurai’:

into the model.

The theory has been quantitatively applied tc rsscnances taal ~..v

not as yet been definitively classified into representaticns of 5%,

-

A‘6(1635)’ K\G(1318), ”'IM(T!S) are particles to be wa*tched fcr.
Finally, a theory of the weak interactions has bYeen ccnsidiri.
We assume that the weak decays of strongly intcracting particles zars

induced by the weak decays of the aces which comprise them. ZFrom trhis

followed :
i) the conserved vector current theory:

i1) [AI|l =1/2, AS/AQ=+1 for |AS| =1 leptonic decays:

- R

iii)_g-%-' —%e"+ U is forbidden but D — T +e + VY is allowed.
- )
Numerical results for hyperon rS..decay have been presented.

There are, however, many unanswered questions. Are aces paruic..:s
If so, what are their interactions ? Dc aces bind to form only dsuess 22é
treys ? What is the particle (or particles) that is responsible I3
binding the aces ? Why must one work with masses for the barycns z2nd nass
squares for the meSons ? And more generally, why does s0 simple a med:l

yield such a good approximation to nature ?



42,

Cur wzsults may be viewad in zovarzl differen. ways. We mizhs
say
i;;
1) the relaticnships we Lavs satablished are accidents z2nd cur medel IS
complately wrong. Tac formula a(Z) = (32(S )-n(T))/2 <5 ccrract
to cloetrcmagnetic mags splitvtings and yt 5280mS sntirely "aczidonzzl!

It certainly would hc nc great surprise if cur 2ess formulas wers

accidents too.

2) there is a certain simplicity rpraosens, additional to *that suprlizd by
the Bightfcld Way, tut this simplicity hes nothing tc dc with our
4
model 47). Por oxamplc, the Geli-Mann - Okubc n2ss crmula nay b=

written Zor uny SU3 representation as

n? mi {1 +b! (mi) (TI(1+1)=1/4 YZ]]S

for mesons,

m

m {‘I +a(m )Y+o(m ) [T(I+1 )=1/4 Y2] k

fcr baryons, where L) b!', a, b vary from one representaticn to
another. The quantities b', a, and b may be ccnsidered functions
of m or mi. Equation (5.5) may be "explained" by postulating
that b'(mi) goes like b'(mi) ~'1/m§. Squation (3.15) weuld follow
ir a(mo) and b(mo) were any slowly varying functions of 2oy
going for instance like 1/mo. Relations of this sype could undoubt-

edly result from many different theories.

3) perhaps the model is valid inesmuch as it supplies a crude qualitative
understanding of certain features pertaining to mescns and baryons.

In a sense, it could be a rather elaborate mnemonic device.

4) there is alsc the outside chance that the model is a cleser approxi-
mation to nature than we may think, and that fractionally charged aces

abound within us.
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The masses of the

+

938,211 = 0.01

1+

939.505 - 0.01

1115,38 X 0,10

1189.35 ¥ 0,15

1+

1193.2 = 0.7

1+

1197.6 = 0.5

1.0

1+

1315.2

1321,2 £ 0.3

n(p)

n(n)

=

n{A)

a(s™)

]

o(3°) =

a(37) =

=n(z° =

=n(z7) =

Appendix A

members of the baryon octet are:

2m(1) + m(2)

a(1) + 2o(2)

n(1) + =(2)

om(1)

a(1) + n(2)

2n(2)

m(1)

m(2)

+

+ 2E.12)

1/2 (E

+ B

11, ¥ By, + B

1.4 T E

1.2

+ E1.2 + aE.12)

1/2 (E + B

E1 242

22, T *12,

n(3)
1/12 (2E12.
5E10

Ty
* 5By, * OBy,
+ 5E2.3 + 83.12 + 23.13 +

2E

+ 2E!1.2 +

3

23)

n(3)

1/2 (E11 +E % )

+ B A3

+E 1.3

13, * 54,1 *

n(3)

1/4 (2B +

+ E13. + E23. + 2E1.2

+ E2.3 + ZE.13 + 2E.23)

12,
3

m(3)

1/2 (Ezz‘ +E, +2E )

+ E

+E 2.3

Se 2,2

2m(3)
1/2 (E13 +E +B

+E 3.3

33, T 1.3
2n(3)

1/2 (E23. + E + B

+E 3.3

33 2.3

where we have suppressed the superscript 8 on all ths binding energies.
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The masses of the memberc of tie taryon decuplst are:

sz D o= w(2) = (1) SRR PR
=a(a}) =2o(1) + =(2) -3, 2B, )
=n(A®) = a(1) + 2u(2) w13 (B +ZE . +a )
£ 2z, 12,
=a(by) = 3e(2) - By e )
1375 £ 4 =m(2:) = 2m(1) + n(3) ~1/3 {E“ + B, o+ .)
=m(22) = o(1) + =(2) + =(3) -1/3 (E‘l?. + E‘," +E215 Foeoe o)
1392 X4 = m()__;) =" om(2) + m(3) - 1/3 (E22 + 2223 )
=a(Z)) = a(1) s20(3) = 1/3 (Byy + By + )
1533 £ 3 = m( T_;) = n(2) + 20(3) = 1/3 (Egy + Epy + 0 o o)
1ssét1z='mm:) = 5m(3) - (g 4. . )

where we have suppressed the superscript 10 on all the biuding energies.

The expression (EH. +# ., .) stands for (E”. + 1‘.‘.1.1 + E’“) , with

similar meanings for the other nine cases, The values and errors quoted for

m( i:) and m( Z.S) are to be used to determine roughly the 'Z_-& f& rass
difference, There may be systematic effects that equally shift both these masses.

16
See reference .
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Appendix B

The vector - vector - pseudcscalar meson couplings are given by:

—_— * 4 «* - -0 o *O_b A
B, o @ ® K +E L KK LK - N6 +
B L ~ %o =~ . 0.+ 4.0 = et ¥
K (x T+ 1 N2 T +1/\/2JOK - SDK + 1/\_2wK - 16X ”o+
vy

+ 0K + hece +

W0 wt - = *% o 0,0 -t = 0 ;"*o
K (R m° - N2k T -1/\/2'3)1( + (K VNN RV S
+ (PK%) + oo #+
—_ -+ = 0.0 . /5.* " \2/3 = ot 5 =0
w (V2o m +\/25> e +v2p T +\/2/3ud/7+ 1/\2 K K"+ 1N2K K+
_ X0 + _
+1/\/2K*—K°+1/\EK*K)+

g’+(\/2uﬂ+ + \/27_3 ?"'fvz + K*tfo + ?°K+) + h.c: +
;)-B(JEL)TI’O +\/3~_739°~1 + 1IN2 £ K - 142 'fc'*ox° - 1N2 K*o? +
_*4'
+1NZK K)

The space-time part of the jnteraction has been suppressed.
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The vector ~ pseudoscalar - rscudosczlar mescr courlings arc jetermined
tc be:

- — - 0.0
rIinto( (p(KK + K)o+

+ S —
£ (7760 + 12 T +\3/2 M)+ Becs =

(o]
* - - —
K (K + N2 70 + V32 ~(K°) + NeCe +

vy

T ONI K+ INZERD) +

+

?(\/3770/7’4' + KK°) + ke +
?(\/.2. ¥y + N2 K 4 INZ KKO)

where the space-time part of the interaction is obtained by replacing the vector

meson V by V, and the product P1P2 of two pseudoscalar mesons by

(9,p)B, =B, (O,P,) .
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Appendix C

Je could consider an entirely different courling scheme from that
presented in Section VII where we do not restrict annihilations to take place

between aces and anti-aces at corresponding triangle vertices, that is

abe d
C.
T De (c.1)
or .
v
abe d
c.2
T D, (c.2)

might no longer be zero (in these examples we assume ¢ % a,b; 4 # a,b; a £ b;
no summation over repeated indices). We call annihilations like the one given in
(C.1), ™" type while that of (C.2) is "O" type. The 1 in ™" type indicates
that aces annihilate at corresponding triangle vertices only once. When counting
the number of annihilations at corresponding triangle vertices we do not include
cases vwhere the "dumbbell" or deuce helps. Hence (¢c.2) 1is "0" and not "M"., We
may also include the possibility of attaching minus signs to certain annihilation
configurations. Ome natural way of rroceeding is the following. We label the
vertices of a triangle in clockwise order by 1, 2, 3. The action of a dumbbell
on two triangles always picks out two vertices and hence two numbers. If these
numbers are a and b, then we may pick & + or - sign for the annihilation
according to the value of (_1)a+b. We indicate this coupling scheme by the
symbol P (for permutation). Hence, (C.1) is +1 in "I" type coupling, =1 in
"{P" type coupling, and O in "O" and "OP" type coupling, Clearly "2" = "2P" =
the coupling type we have previously labelled in Section VII as (+ + +). Counting
all distinguishable annihilation configurations we obtain the couplings given in
Appendix Table 1.
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50.

Only type (2 + 1)P generates couplings in =11 three representations.
We do not work with (2 + 1)P coupling in this paper primarily because it gives
a F/D ratio thet is incompatible wih our speculations on the ¥ - octet
(Section X).

Qur normalization has been such that:

a) S couplings are given by (Kg JV3) (K + 0B .. L)

b) F " mooomoo -
¢) D " W T Gns = = .. )
Q) T I Y Es e - %)

36)

The detailed couplings may be found in reference .



Appendix Table 1

Type of Coupling for Representation of Decaying Baryon
Baryon —» Baryon + Meson Singlet Octet Decuplet
Yy
2=2P=(+++) 0 F 0
2 + 1 0 3(F + D)/2 0
(2+1)P -S 3(F-0/3)/2 T
2+1+0 0 0 0
(2+ 1 +0)P 0 F- 3D 2T

8419



8419

6)

7)

8)
9)

10)

11)

12)

3]
(3
1y
2

.. 3ell-narn, Phys. Rev. 125, 1067 (13€2).

Y, Ne'eman, Xuclear Physics 26, 227 (13561).
R. P, Feynman and M. Geli-dann, Fhys, Rev. 109, 193 (1958),
S. Sakata, Frog. Theor. Phys. 16, 68¢ (1956).

Dr., Gell-Mann has independently speculated about the rossitle existence of
g4
these particles, His pricary motivation for introducing them differs from

ours in many respects, See Fhysics Letters §, 214, 1964,

In general, we would expect that baryons are built rnot only fror the rreduct

of three aces, AAA, but also from 'XAAAA, KIAAAAA. etc,, where A
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Table 1

Table 4

Table 6

Table 7

TABLE CAPTIONS

Here I, S, B, &, J, and P stand for isospin, strangeness, baryon rumoer,
charge, spin, and parity, respectively. The lower limit on the ace mass
is obtained by requiring that it be at least 1/3 the mass of the

£ - decuplet,

M!,S' p, and r represent the mass of the decaying baryon, the final
state momentum, and the width. Decay modes that have not yet been
observed are included within parentheses in column 1. Although the W=
decay channel of the = B is suppressed by unitary rsymmetry, the large
phase space available for this mode coupled with the breaking of the

symmetry may account for the fact that = X = T7 =_ has been seen,

Mb’ s Dy 7:!At2. and \'" are the mass of the decaying meson, the momentun
1A-]

in the final state, the sum over a2ll charge states of the squars of the

decay amplitude, and the width for decay, respectively, The subscripts

¥, & indicate that the decaying meson has J‘P =1 "ort ",

We list here the low angular momentum systems that may be formed from

an ace and an anti-ace, Certain resonances have been tentatively classi-

fied in this scheme, (E .1 7 gives the expected value of the spin times

the orbital angular momentum. It is tempting to conjecture that this is

a pertinent guantity in ordering the energy levels of the I A system.
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A Mass . .
IZ S B Q J P (MeV) Lifetine Types of Coupling
'_‘.:=:::::=======================‘-’==:=======:_::::::::::::========'_'=============:=:======::1
+1/2 0 1/3  2/3 /2 + >ho00 ~oo a) "Strong" or perhaps
2 very much stronger
-1/2 0 /3 -1/3 1/2 4+ >hkoO ~ minutes than “strong".
150 40
0 -1 /3 /3 1/2 + >55%0 ~10 Beo b) Electromagnetic.
-/2 o -=1/3 -2/3 1/2 - >kL00 ~e
2 c) Weak.
+1/2 0o -1/3 +1/3 1/2 - >L00 ~ minutes
150 -10 d) Gravitational.
0o +1 -1/3 +1/3 1/2 - >55 ~10" "~ sec

TABLE 1

Ace Properties




Type of Coupling Tor ' Representation of Decaying Baryon
ey on - Baryon e . Singlet notet .. Decuplet_
(+ + +) 0 F 0
(+ = 4) S (F+D}/2 T
(+ + =) s (F+D)/2 -T
(+ = =) : 25 D <y 0

TABLE 2
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- ——1

Experiment

“Tﬁ%;ﬁﬁﬁ}@ Ratio
(units £ 107)

Interaction

Cabibbo Theory Ace Theory
Decay : — - 3
Int P Branching Rat;o Interaction Branching Ratio
nteraction (,njts of 10 ) | . (units of 107)_
A »>pev V-0.72 A 0.75 V-A 0.85 (input)
‘\
L > nev V+0.65 A 1.9 V-A 2.1
"L Aev V+0.02 A 0.35 V-A 1.2
T+ 1% v V-1.25 A 0.07 V-A 0.042
= . ztey V-1.25 A 0.26 V-A 0.13
I > Aev 0.09 (input) 0(~"4A) 0 (~0.01)
Qg~+ e v ? forbidden
n;-* E}e-u ? allowed

-0.7

V-1'0+0.3

A C by

(B3

.09

1.5 £ 0.3

Q. v 1 .03

ABLE 3

Baryon |Ag|= 1

Leptonic Decays

.
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;Decays of MY T theory T axp. !
Crcter  (vev) __ (ev) __ (iev)  ____ (ueV) |
N - 7N 1515 * 3 L52 80 (input) 80 |
A - KN 16357 76 25 < L0
(mg) 362 7.6
T - wA 1660 * 10 NN 6.6 13
(KN) 402 suppressed < 2
e 382 19,3 11
-7z 1770% 25 375 suppressed
(%) w2 1.6
(Kz) 2u6 2.9
L
Decays of Md‘ P T theory I‘exp.
| Singlet_____ (MeV) ____ (Nev) ____ (Mev) ________(MeV) __
Ag—-mE 15192 2 261 9 (input)
K 238 L5
TABLE &

Partial Widths of the y-Octet and §-Singlet
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T

Decays of P theory T eXp. |
:::ﬁgggg_—_::::====$¥S¥l=:;:::$¥g¥2 —————— L—e—\l-') ———————— K:—‘ZSY)————-:
N - ol 1685+ 5 570 50 (input) &n ;
(n21) 3¢5 0.6 < 20 .
(ko) 227 C.06 < 2 E
A - KN 1815 + 35 53¢ L2 70 |
|
(re) 502 9.0 < 40 :
(nA) 345 0.2 < 1.3
T, -(m) 18757 596 9.8 |
(xv) 586 suppressed Y :

(rz) 545 32
(nZ) 232 0.2 ;
(K3) 213 0.0k '
z, - (Ka) 19722 539 Lok :
=) 533 suppressed '
(Kz) 478 17 ‘
(nz) 298 0.3 '
' Decays of Mg P theory I\exp. !
S I W S
| bg =+ 7N 1238 232 9% (input) Si. i
Dy TA 1382 205 26 39+ 7|
|
i 123 3.8 < 1.5 ;
|
ZJ - Tz 1533 153 9.0 7 ¢+ 2 l
Q; 1686 Decays weakly into ﬂE,fA,I-{Z'?,E&w,Ed. uv ’:

TABLE

Partial Widths of the a-Octet and &-Decuplet
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Decays of Nonet MY,CY p tha)? PY (rp) PY(VP) FY((El‘hVP)/}) T (vr) r oxp.
gMev) !-ey') "‘“‘::E"(—ley'-z:-— === M—-—J::::::::;(.@!):::::: :::(!é(:—‘ _===.ﬂ.:=(_‘.N£'_V fr ===
”Y (T 1220 | 594 2 9n 61
{(x K) 35| 1 |10 6
w T 339 100 33 100
{(cp m) 135 0 0 0 0
P("v‘ total) 100 (input)100 (input)| 100 (input) |100 (input) { 100 ¢ 20
wos f(k K) 12207| 355 1 10 6
{(p m) %5 6 362 122 320
I‘(w_h § total) 10 362 128 320 _
K. ¢ (XK 7) 13207| 557 | 3/2 | u8 32
[(K n) 401 | 3/2 18 12
(k") | 372 76 25 5
(o K) 212 | 3/2 18 6 40
(wK) 155 | 1/2 2 0.8 10
r (KY,J total) 66 96 76 15
o5 [(K k) 1410 | 501 2 4 27
(ow) 4931 o < 0
(wn) 225 0 0
K'K+K'K 129 & 11 57
r(wY’ # total) 44 11 31 57 < 60

TABLE
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M r (PP) T _(VP) ' ((2PP+VP)/3) T .(VP) T
Decays of Octet . | P zjal? Y ( Y é exp.
mmmmEmnms ST S SZINER —LEEYI-L}-Aggl ::::::::::::L_Mze.—.vz.)====,_._(:M=e=V=.)==::__==:_(_£A=e_vg-_-_: :::::L_Mze:v’_):::: _,—LM:e—v'_)
T - T 1220 | 594 2 90 o1
Ysd -
{(x K) 355 1 10 6
W 339 100 33 100
. {(q; 1) 135 0 0 0
TG 5 total) 100 (input)100 (input) 100 (input) | 100 (input) | 100%26
K o (K ) 1365¢| 583 /2 | 51 3
Y [(K n) W37 | /2 | 22 1
(') 576 | 3/2 102 3, 67
(o K) 213 | 3/2 39 13 L8
(w K) 230 1/2 8 3 1
:(KY’§ total) 73 149 98 129
e {(X K) 1410 | 501 3 62 L1
(pm) 493 2 308 103 109
(wn) 225 | 2/9 1 6
K K+K*K 129 | 2/3 0:% 10
r(n 5 total) 62 313 146 125 < 60

TABLE 6b
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<26

Y -
i Ad . J for ' . m(n) or
| Se P <
| System <S°L> i n like numberl n{m) i (k) | o(w) m(e) |
r, ! .- - | 1 '
SC 0 0 135 A2 548 |
3 -+ || !
Sy 0 1 750 | 890 . 78k 1019 |
! +
’p, -2 ot T 5502 725 | 775°
1 -
P, 0 Y 11407 1232 48) | 12607 or
; | 11207 12207 |
- ' M
P, -1 N 1200 ¥ | 12907 | 13207 or
1200 13707
3p + ot - Z 1 e S
2 1 2 >1200? Vil 2 | VT \rr)_+.....,_o_r_
) ‘ m{m) VTR e
D, -3 1= 1220 13207 | 12207 1410
1p 0 - g
» 2 >1200% T w22
|
}DZ -1 -2" + 51 200? " ‘ " " "
3 - " | ,
Dy 2 3 | >1200? ‘ . ' "
TABLE 7

Possible Meson Representations
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Figure 3
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Trese deuces 2nd treys correspond te the units rrom which zll kmewr

rarticles are constructed.

ae Members cf the tarycr. octet are built from treys cf thiz <yre. Ihe
shaded circles at the vertices a2re aces, while the sclid lires
derote binding energies, In the unitary symmetric limit the thres

ac3s a, b, and ¢ are irndistinguishable, as shcwn,

b, The decurlet baryons are formed from this type of trey., OCctet znd
v
4
decuplet treys ray have different ace tirdinzss,

Ce This trey is used to construct the unitary singlet,

d.,e., The deuces shown correspond to members of meson cctets ard
singlets in the limit of unitary symretry. The orer. circles zre

anti-aces,

We view the baryon octet with unitary symmetry broken by the strong
interactions, One of the three aces has row become distinguishstls
from the other two., It is pictured as & shaded sguare. 253 srlittings
are induced by making the scuares heavier than the circles., Since the
same set of aces are used to construct all particles, zass relatichs
connecting mesons and baryons may be obtained.

After SU3 has been broken by the strong and electromasznetic inter-
actions the baryon octet looks like this., The three zces are now
completely distinguishable from one another, If we assume that n,
(the triangle) is heavier than P, (the circle) and neglect shifts in
binding energies due to the elactromagnetic breaking of the symmetry we
find the qualitatively correct result that within any charge multipiet,

the more negative the particle, the heavier the mass,

These are the members of the baryor decuplet after unitary symmetry has

been broken by the strong interactions,
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“he decurizt

actions.

Tizure £ The uritary singlet /N a2 is comstructed {rer This combinziiin of o
Tigure 7 The vector mescrs e e oznd
_'*
? messes .0 TRITS TLNVAL
either the Lo cr ¢ rfazs.
Figure 8 The isolated sctst of pseudesecalar nescas is represanted ofter JU
been brokern by the strorg interections ind the TT'O es nief rercy
Fizure We displav the rsendeseralnr nesons after SY? hes been trossn oy Tas
strong and electromagnetic interacticns.
. *T
Pigure 10 This is a2 cocputation of the zourling fgr the decay v 2+ K X .
First we let the deuce represerting K* act on ;:: as snowr in 2.
ard b, Note that the (s0lid circie) of ¥ anrikbilates the ;o
(open circle) ox C:: . K is row ailowed to act, as indicated in Ce
The part of ;:: that was partislily annihilated ty K* 1S now ~omot L
destroyed by K » E£llrwing vacuum to be projected onte VECUA, notT2

that the part of . which could not be troken down by K

unscathed by X and does not contribute t¢ the ccupling.
Iy t=1

Figure 11 We compute here the = u)y\coupling.

Figure 12 The ¢/ ¢ 7T coupling is zero, as indicated.
; . 124 3
i 13 a, The coupling of T T321D1 .
. 211 3
b, The coupling cf T T,,31D1 .
Both &, anéd b. are +1 in F type coupling, In F + D coupl
a. =1, b, =~1, i.e. the position of the dumb-bell determi

sign of the coupling.

ing
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